This paper provides a review of current efforts on design of a hafniumfree directionally solidified nickel-base superalloy with good castability, post-casting transverse ductility and improved creep strength in our laboratories.
In recent years, a DS nickel-base superalloy, DZ-3 has been developed in our laboratories based on a cast nickel-base superalloy, K3. This alloy was developed in our laboratories in the early 1960's and has been widely used since then in China for first and second turbine blades and vanes in various kinds of aircraft engines (4). As a DS alloy, the composition of DZ-3 was modified from that of alloy K3 as shown in A -no cracks; B -no more than 2 cracks with a length of less than 5 mm in any of the sections; C -no cracks on the outer surface of all five sections, but cracks on the inner surfaces; and D -cracks on inner and outer surfaces of all five sections.
The results of the castability tests listed in Table 3 alloys.
The differential thermal analysis and quenching method were used to determine the melting and solidification range of the alloys and some results are shown in Table 4 . Both liquidus and solidus temperatures of alloy 2 (DZ-4) are higher than those of alloy 1 (DZ-3) especially during cooling where the solidus temperature of alloy 2 is 30°C higher than that of alloy 1. The solidus temperature for alloy 10 (DZ-3 with 2% Hf) is 26°C lower than that of alloy 1 and 56°C lower than that of alloy 2. Since there is no Y+Y' eutectic in alloy 2, as shown in Fig. 3c , its incipient melting temperature is greater than 129O"C, while alloy 1 starts to incipiently melt at 1170°C (Fig. 3b and 4) The size, a, and volume fraction, Vf, of fine cuboidal 7' were determined by area measurements on representative electron photomicrographs and then the separation of 7' particles was calculated by the method described in Ref. The mechanical proper-ties shown below are for specimens given a standard heat treatment, e.g., 1220°C/4h/AC + 870"C/32h/AC. DZ-4 presently under development has a higher incipient melting temperature (>129O'C). One can therefore increase the solution temperature to provide a more homogenous and uniform distribution of fine Y' which will lead to further increases in alloy strength.
Tensile Strength
As shown in Table 5 , the tensile strength and ductility of DZ-4 are comparable with those of advanced DS superalloys. With superior rupture strength (Table 6 ) and reasonable density (Table  7) , DZ-4 displays superiority in specific stress rupture strength and temperature capability over other alloys as shown in Table 7 and Fig. 9 . Fig. 9 Temperature capability of alloys at 137 MPa for 100 hours.
Creep Strength
Creep curves at 760°C and 980°C are shown in Fig. 10 (Fig. 12) . 
